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A controlled randomized trial of breast cancer screening
has been initiated in Canada. This paper presents an anal-
ysis of the possible benefit from screening relative to the
possible radiation risk from mammography for those women
who will be screened in tite trial. It shows that with mod-
ern low-dose mammography, even when a conservative
estimate of possible reduction in mortality due to early
detection is applied to the data, the estimated benefit sub-
stantially exceeds any possible hazard.

On a entrepris au Canada une etude contr6lee et ran-
domisee du depistage du cancer du sein. Cette communi-
cation presente l'analyse des avantages escomptes du
depistage par rapport aux risques possibles de radiation
due a Ia mammographie pour les femmes qui seront sou-
mises aux epreuves de depistage au cours de cette etude.
II est demontre qu'avec les appareils modernes de mammo-
graphie a faible dose, m6me en evaluant de fa9on conser-
vatrice Ia reduction de Ia mortalite attribuable a une de-
tection precoce, les benefices escomptes depassent de
facon marquee les risques possibles.

Breast cancer is a major cause of premature death in
Canadian women: it is the leading form of cancer to
cause death in women of any age and is the leading
cause of all deaths for those between the ages of 35
and 54*1 Though the mortality rates for the disease
have been relatively stable for a number of decades,2
in the past few years the incidence has started to rise.3
These statistics reflect that our understanding of the
cause of breast cancer is still limited, and they offer
little hope that primary prevention of this condition
will become possible in the immediate future.4 The
chances for improvement in survival rates through
improvements in treatment also appear to be marginal.

Therefore, considerable attention has been focused
on screening programs using mammography and phy-
sical examination to detect breast cancer early and thus
improve its prognosis. A study conducted in the early
1 960s among the members of the Health Insurance
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Plan of Greater New York5 showed that having mam-
mography and a physical examination annually for a
4-year period could reduce breast cancer mortality by
40% after 5 years in women aged 50 and older. How-
ever, the study failed to show any benefit from using
these methods to screen women aged 40 to 49.
From 1972 to 1975, 27 Breast Cancer Detection

Demonstration Projects were established in the United
States, offering annual screening for 5 years to women
aged 35 and over. In 1976 concern was expressed that
the risk of radiation-induced, or radiogenic, breast
cancer might outweigh the benefit from screening
women under the age of 50.6 Following the report
of a review committee7 that recognized that these pro-
jects had no means of ascertaining the benefit, main-
mographic screening was discontinued for all women
under 50 except those with a personal or strong fam.
ily history of breast cancer. The committee did recom-
mend, however, that a controlled, randomized trial be
conducted to ascertain the benefit of a screening pro-
gram using mammography and a physical examination
in women under the age of 50 and to assess the rela-
tive contribution of mammography to such a program
in older women.
To examine the benefit of mammography and a

physical examination in screening for breast cancer in
women aged 40 to 49 and the independent effect of
mammography in women aged 50 to 59, a controlled
randomized trial of screening began in Toronto in
January 1980; it will be extended to include another
eight Canadian cities.8 The study is being coordinated
by the Epidemiology Unit of the National Cancer In-
stitute of Canada (NCIC), and is being funded by the
NCIC, the Canadian Cancer Society and the Depart-
ment of National Health and Welfare, among other
agencies. From 50000 volunteers aged 40 to 49 a study
group of 25 000 women will be randomly selected. This
group will receive both physical and mammographic
examination of the breasts annually for 5 years. The
remaining 25 000 will constitute a control group that
will receive an initial physical examination but no fur-
ther screening other than that available through usual
health care facilities. In women between the ages of
50 and 59 screening by physical examination alone
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and screening by physical examination in combination
with mammography will be compared; 20000 women
will be randomly selected to receive mammography
(the screened group) and another 20 000 will receive
a physical examination only (the control group). Both
groups will receive yearly examinations for 5 years.
All participants in the trial will be taught breast self-
examination and will be monitored for breast cancer
for at least 15 years.

It is important that participants in clinical trials not
be unknowingly exposed to risks that could outweigh
any benefits they might receive from their participa-
tion. This precept is particularly applicable in the pres-
ent trial since those who receive mammography will
be exposed to radiation, even though at very low doses.
The consent form used in Toronto and approved by
the University of Toronto's human experimentation
committee adequately discusses the risk and potential
benefit from participating in the trial. However, it is
necessary for the investigators as well as the partic-
ipants to have a basis for assessing the degree of risk
from low-dose radiation. At present this can only be
derived by extrapolation from the risk of high-dose
radiation (mostly above 100 rad)9 Using such an extra-
polation one can calculate the ratio of possible risk to
potential benefit of the program. This paper presents
the results of such a risk/benefit analysis relative to
the expected mortality of the participants.

Methods

Estimated cancer incidence and mortality

A simple mathematical model was used to estimate
the cancer incidence and probable mortality among
those who will participate in the trial. It was assumed
that a group of women would enter the trial at a
certain age, free of clinical symptoms of breast cancer.
The appropriate single-year age-specific breast cancer
incidence was then applied to the group to obtain the
expected number of cases of breast cancer for that
year. The appropriate single-year age-specific rate of
death from diseases other than breast cancer was then
applied to those in whom, theoretically, breast cancer
did not develop during that year to find the expected
number of deaths from other causes in the group.
Those who survived the year and were free of breast
cancer were then assumed to proceed to the next year
of age, and the same procedures were repeated. The
breast cancer incidence and the rate of death from
other causes used in this paper are from data on malig-
nant disease in Canada in 197510 and on mortality in
Canada in 1971.11

Those with breast cancer are subjected each year
to the appropriate breast cancer mortality and to the
competitive mortality from other causes. The breast
cancer mortality may be expressed as the probability
a woman will die in a given year if she had breast
cancer at the start of that year. For this study the
following probability values were used: 0.061 for
each of the first 5 years after diagnosis, 0.034 for each
of the next 5 years and 0.010 for each of the next

10 years. After 20 years it was assumed that the risk
of dying from breast cancer among the breast cancer
patients was negligible. These values are approximately
25% lower than those reported in the United States
by the Surveillance, Epidemiology and End Results
Program,12 as they were adjusted to make the breast
cancer incidence rates correctly predict the reported
age-specific breast cancer mortality rates in CanadaY'
The apparently lower mortality in Canada could result
from an under-reporting of incidence or an over-report-
ing of mortality in the United States, a genuine differ-
ence in Canadian survival rates or a combination of all
three.'3 It should be noted that using these higher sur-
vival rates in our model underestimated the benefit
derived from screening and therefore made our assess-
ment of this benefit more conservative.

Thus, the model may be used to estimate the prob-
able number of breast cancer cases, the number of
deaths from breast cancer and the average age at death
from all causes for women in the control group, by
age at entry to the study. To calculate the correspond-
ing probabilities for those screened by mammography
it is necessary to allow for two opposing factors: the
benefit from screening and the risk of radiogenic breast
cancer.

Screening benefit

The benefit from screening is the reduction in the
risk of dying from breast cancer through early detec-
tion of the disease. In the study of the Health Insur-
ance Plan of Greater New York breast cancer mortality
was reduced by 40% in women aged 50 or more
who were screened as compared with those in the
same age range in the control group.5 Though no cor-
responding decrease in mortality was observed in
women under that age, the present trial includes
women aged 40 to 49 because improvements in tech-
nique have increased the sensitivity of mammography.7
Now early lesions can be detected in younger women
and this may result in a reduction in breast cancer
mortality. An objective of the present trial is to ascer-
tain whether such a reduction can now be detected.
Therefore, we have chosen to use empirical values for
a reduction in breast cancer mortality of 20%, 40%
and 60%, values that bracket the observed 40%
reduction in mortality in women aged 50 or more in
the New York study.

Risk of radiogenic breast cancer

In our trial the mammography technique includes
the use of a high-speed, single-emulsion film, vacuum-
packed with a rare earth screen. Resolution and con-
trast are excellent for both the craniocaudal and the
lateral - or oblique projections. Phantom measurements
show that the average mid-breast dose for each ex-
posure is 0.07 rad, so that the estimated total absorbed
dose to the tissue of both breasts is 0.7 rad for women
who have all five mammograms taken (Dr. M. Yaffe:
personal communication, 1980).

There is no direct evidence of the carcinogenic risk
to humans of such relatively low doses. The only way
of estimating such a risk is to apply a mathematical
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model to risks measured at much higher doses and
extrapolate to low doses. The main sources of data
on radiation-induced breast cancer in humans are the
studies of survivors of the atomic bomb explosions
in Hiroshima and Nagasaki,14 of patients who under-
went extensive fluoroscopy during treatment of tuber-
culosis,15 and of patients treated by radiation for post-
partum mastitis.16 An extensive review of the data
from all three studies has been presented by Boice and
associates,9 who proposed four possible mathematical
models to fit the observed data: a linear additive
model, a linear multiplicative model, a linear additive
model with a term for cell killing, and a linear multi-
plicative model with a term for cell killing. The last
two models assume an exponential term in the dose-
response relationship corresponding to the killing of
cells at high levels of radiation that is not included
in the first two. The additive, or absolute risk, models
add a constant number of radiogenic breast cancer
cases to the cases of breast cancer not caused by radia-
tion, independent of the age at which the breast cancer
occurs. The multiplicative, or relative risk, models mul-
tiply the risk of nonradiogenic breast cancer by a con-
stant factor. The number of radiogenic breast cancers
thus depends upon the nonradiogenic rate and on the
age at which the radiogenic cancers occur. We used all
four models, with the following factors estimated by
Boice and associates:9 the linear additive model adds
6.6 cases of radiogenic breast cancer per million wom-
an-years per rad, and the linear additive model with a
term for cell killing adds 8.7 cases; the linear multipli-
cative model increases the incidence of nonradiogenic
breast cancer by 0.42% /rad, and the linear multiplica-
tive model with a term for cell killing increases this rate
by 0.5 7% /rad. These figures are derived from es-
timates for women exposed to radiation between the
ages of 20 and 44 years; there is some evidence that
the risk may decrease with increasing age at exposure.9
Thus, our estimates may again be conservative, leading
to a higher estimate of the number of radiogenic breast
cancers than will actually occur in the screened sub-
jects, who are, on average, 20 years older. We assumed
the increased risk would apply 10 years after the first
exposure, the expected latent period.9
We used two estimates for total dose: 1 and 2.5

rad. Although measured doses have so far indicated
that even the lower figure is a high estimate, we have
included both, as the second represents a possible ab-
solute maximum. The effect of radiation induction of
breast cancer is included in the model by allowing the
age-specific breast cancer incidence rates to be in-
creased by the amount appropriate to the radiation
model being considered.

Net benefit

The net difference between risk and benefit ex-
pected in the screened groups compared with those
expected in the control groups has been calculated by
means of two measures: the reduction in the number
of deaths from breast cancer expected during the first
15 years of the study, and an estimate of the number

of years of life saved by screening, calculated by multi-
plying the number of individuals in the study group
by their estimated average age at death and deducting
this from the corresponding figure for the control
group. Neither measure, as calculated by our models,
is subject to two important biases that have to be con-
sidered in analysing screening programs either when
control groups are not available or when measures
other than mortality are used for end-points.

Lead-time bias arises through attempts to estimate
years of life saved by calculating the interval between
the dates of diagnosis of the disease and death. If the
effect of screening is simply earlier diagnosis rather
than postponement of death, this method of calcula-
tion produces errors. We have computed years of life
saved starting with the year of entry into the study
and have not used the year in which a particular
cancer was diagnosed; therefore, our estimation is not
subject to any lead-time bias.

Length bias arises because slow-growing preclinical
disease with a favourable prognosis is more likely to
be detected at screening than faster growing tumours
since the screening process is independent of disease
progression. Because we have made an empirical es-
timate of the reduction in breast cancer mortality in
the screened group as a whole and applied this to
the expected incidence of nonradiogenic breast cancer,
length bias is not a consideration in this model.
We have assumed that all participants would be

present for all five annual screenings. In practice, all
will attend the first screening, but a certain percentage
will fail to attend one or more further screenings. How-
ever, we have used an empirical estimate of the re-
duction in mortality from screening, and this estimate
is independent of the number of individuals who drop
out of the study during each year. The 40% benefit
reported from the New York study was based on the
mortality of all individuals invited to participate,
though only 65% attended the first screening. Since
agreement to participate is obviously a selective pro-
cedure, the benefit should be greater in the present
study group than in the New York group. In addition,
those who fail to attend the second or subsequent
screenings will reduce the average radiation exposure
among the study group. Because of this possible drop-
out during the study the model again overestimates
risk to the group studied.

Results

Breast cancer deaths

Table I shows the cumulative number of expected
deaths from breast cancer in the control and screened
groups in 5-year intervals up to 30 years after entry
to the study, assuming a 40% reduction in breast
cancer mortality due to screening. The deaths from
radiogenic breast cancer do not begin to accumulate
until after the 10-year latent period following entry
to the study. The number of deaths in the screened
group are shown for the models that give the "best"
and "worst" estimates of the risk of screening: the
additive model with a total dose after five screenings
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Table lI-Estimated years of life saved in the screened group over
the lifetime of the 25 000 women aged 40 to 49 on study entry

Reduction in breast cancer
mortality; years of life

saved
Total dose of radiation
and risk model 20% 40% 60%

None* 432 909 1437
1.0 rad

Additive 412 889 1417
Additive + cell killing term 405 883 1411
Multiplicative 402 880 1408
Multiplicative + cell killing term 392 870 1397

2.5 rad
Additive 381 859 1387
Additive ± cell killing term 365 843 1371
Multiplicative 359 836 1364
Multiplicative + cell killing term 332 810 1337

Table Ill-Estimated years of life saved in the screened group over
the lifetime of the 20 000 women aged 50 to 59 on study entry

Reduction in breast cancer
mortality; years of life

saved
Total dose of radiation
and risk model 20% 40% 60%

None* 346 726 1145
1.0 rad
Additive 339 720 1138
Additive+ cell killing term 337 717 1136
Multiplicative 335 715 1134
Multiplicative+ cell killing term 331 711 1130

2.Srad
Additive 329 709 1127
Additive+ cell killing term 323 704 1122
Multiplicative 318 699 1117
Multiplicative+cellkillingterm 308 689 1107

*years of life saved by screening have been calculated without any
estimated reduction due to radiogenic breast cancer.



be used to compute either the expected risk or the
expected benefit. The analysis of breast cancer mortal-
ity in the Canadian study of cancer following multiple
fluoroscopy, initiated by the NCIC Epidemiology Unit
in 1973, should soon be completed. However, it seems
unlikely that this study, although larger than any other
yet published on women exposed to multiple fluoros-
copy, will provide unequivocal estimates of response
to doses lower than 50 rad. In fact, the only currently
available data that support any assumptions that radia-
tion doses below 100 rad induce breast cancer are
derived from the series on women aged 10 to 19
exposed to the atomic bomb.9
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Multiple endocrine neoplasia, type II:
a combined surgical and genetic approach to treatment

M.W. PARTINGTON,* MB, PH D, FRCP[C]; W.R. GHENT,t MD, FRCS[C];
E.V.P. SEARS,* BA; N.E. SIMPSON.* PH D, FCCMG

A family with multiple endocrine neoplasia, type II living
in southeastern Ontario is described. Twenty individuals are
known to have had medullary carcinoma of the thyroid,
pheochromocytoma or both, and the diagnosis of multiple
endocrine neoplasia, type II is strongly suspected in five
other individuals in the earlier generations. in this family
the disease seems to be transmitted by an autosomal dom-
inant gene. A screening program set up for the family In
1977 has in 2 years identified four asymptomatic individuals
(three with medullary carcinoma of the thyroid and one with
this carcinoma and a pheochromocytoma). The family back-
ground, clinical picture, treatment and some of the problems
of the screening program are described.
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On decrit une famille du sud-est de l'Ontario souffrant de
neoplasies endocrines multiples, de type II. Vingt sujets
atteints dun cancer medullaire de Ia thyroide, dun ph6o-
chromocytome ou des deux ont ete identifies, et un diagnos-
tic de neoplasies endocrines multiples, de type II, est forte-
ment soup.onne chez cinq autres personnes des g6nerations
anterieures. Chez cette famille Ia maladie semble etre
transmise par un gene autosomique dominant. En 2 ans
un programme de depistage mis sur pied pour cette famille
en 1977 a permis d'identifier quatre sujets asymptomatiques
(trois atteints d'un cancer m6dullaire de Ia thyroide et un
atteint d'un cancer de ce type accompagne d'un pheochro-
mocytome). Les antecedents familiaux, le tableau clinique,
le traitement et quelques-uns des problemes du programme
de depistage sont decrits.

Multiple endocrine neoplasia, type II, or Sipple syn-
drome, is an uncommon but well described familial
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